SUMMARY
ECHOCARDIOGRAPHY FOR LV FUNCTION of ventricular volumes and ejection fraction from echo-measured ventricular minor-axis dimensions.7-10 The ejection fraction, which is a measure of the pump performance of the heart and thus only indirectly related to mechanical muscle function, has nonetheless been widely utilized as an indicator of myocardial performance.", 12 In addition to this use of echo-measured dimensions, we describe in this report another parameter of ventricular function which can be determined by the ccho teclhniic, the meani velocity of circumferential fiber shortening (VeF). This parameter, which has previously been determined by invasive methods, is related to cardiac muscle function directly and thus may provide information about ventricular performance which cannot be obtained from a consideration of ejection fraction alone. The purposes of this report are to describe a method for determining VeF by echocardiography and to document the utility with which VCF and echo-measured ventricular dimensions and derived volumes can aid in the clinical assessment of ventricular pump and muscle performance in ambulatory patients with cardiac lesions.
Methods

Patients
Subjects were patients attending the General Cardiac Clinic of the North Carolina Memorial Hospital. They were divided into five separate groups:
Groip I, normal subjects (10 subjects). These were all under the age of 30 years without evidence of cardiac disease or hypertension. Group 11, mitral stenosis (13 patients) . This was defined by the usual clinical criteria and confirmed by cardiac catheterization in 10. In all patients mitral stenosis was the predominant lesion, other valvular lesions being graded as trivial when present. Atrial fibrillation was present in seven of these patients.
Group III, compensated volume overload (20 patients). There were 11 patients with mitral regurgitation, seven with aortic regurgitation, one with a ventricular septal defect, and one with a patent ductus arteriosus in this group. All patients had cardiomegaly on chest X-ray. They were generally young patients (mean age 26.3 years) who had not exhibited clinical signs or symptoms of congestive heart failure. In many the magnitude of the volume overload was felt to be great Circulation, Volume XLVI, July 1972 on clinical grounds, but surgery had not been performed because of the young age and absence of symptoms. The magnitude of volume overload in this group is reflected in the mean end-diastolic chamber diameter which was 39% larger than that of group I (see below and table 1) .
Group IV, idiopathic hypertrophic subaortic stenosis (five patients). These five patients exhibited typical physical findings of this disorder, and each had the diagnosis confirmed by cardiac catheterization. In one, a gradient across the left ventricular outflow tract was not recorded but a markedly hypertrophied left ventricular wall and hyperdynamic cardiac contraction were demonstrated by angiography which, when considered with the clinical findings, suggested the diagnosis of hypertrophic cardiomyopathy.
Group V, congestive heart failure (17 patients). This group was defined by the presence of symptoms and signs of circulatory congestion with cardiac enlargement in the absence of evidence of obstruction or restriction to ventricular filling. Six patients had primary myocardial disease, five had hypertensive arteriosclerotic disease, and six patients had valvular heart disease.
Echocardiographic Technic
A Smith-Kline Ekoline 20 Ultrasonoscope with 2.25-MHz transducer of l.9-cm (0.75-in) diameter was employed in these studies. The technic for obtaining ventricular minor-axis measurements by echocardiography has been described in detail elsewhere.7-9 In brief, the ultrasonic transducer is placed in the fourth or fifth intercostal space just to the left of the sternum. The ultrasonic beam is directed posteriorly and medially until the characteristic motion of the anterior leaflet of he mitral valve is detected. The beam is then directed slightly laterally and inferiorly away from the mitral valve until a plane is found in which motion of the interventricular septum and posterior left ventricular wall is noted. Motion of these structures as a function of time is displayed on an oscilloscope, and a time exposure on Polaroid film is taken of a full oscilloscopic screen sweep with distance represented on the vertical axis and time on the horizontal axis ( fig. 1 ). Enddiastolic (SD) diameter is measured at the peak of the R wave of the simultaneously displayed electrocardiogram, and end-systolic (Ss) 
Results
The mean values (±+ SD) for minor-axis dimensions, circumferences, left ventricular volumes and ejection fraction, the duration of minor-axis shortening, and circumferential shortening velocities of each group are presented in table 1.
Minor-Axis Dimensions
Patients with mitral stenosis (group II) did not show significant differences in minor-axis dimensions in systole or diastole compared to normal subjects. All other groups had larger SD than normal subjects, and groups III and V had increased Ss. Values for SD in each patient are plotted in figure 2. The smallest chamber dimensions at end-diastole were found in groups I and II, while groups III and V had the largest values. Only one patient in group V and two in group III overlapped with values for group I.
Values of % A S from individual patients with group means and standard deviations are shown in figure 3 . Groups II and V had significantly smaller % AS than group I, although the difference was much greater for group V. Group IV showed a markedly increased % A S, while group III did not differ significantly from group I. Two patients in 40 The mean values for minor-axis dimensions obtained by biplane angiocardiography in our laboratory in normal subjects are similar to those obtained by echocardiography. Similarly, the mean value for EDV in normal subjects by the echo technic, 142 ml, is the same as that previously obtained in six normal subjects in our laboratory by biplane angiocardiography (140 ml ),13 but slightly greater than the value of 125 ml reported by Kennedy et al. using a similar method.14 Comparison of groups with respect to the parameters of end-diastolic chamber size likewise reveals trends which are similar to those found with angiographic volume technics. Thus, patients with mitral stenosis did not differ significantly from normal, while all other groups showed an increase in enddiastolic size.'3 ' 15 The relative change in minor-axis dimensions or circumference with systole (% A S) with the echo technic is somewhat less than that determined by angiographic methods. In our laboratory the mean change in normal subjects studied by biplane angiography was 33%,16 a value slightly less than that reported by Gault et al.4 in normal subjects, but higher than the mean value of 23.7% obtained in the present studies. The underestimation of %A S by the echo method probably results from a slight underestimation of SD and overestimation of Ss.9 In spite of this the %A S allowed excellent separation of patients with clinically normal ventricular function (groups I and III) from those with obvious heart failure (group V) and provided information about patient groups which is similar to that provided by the left ventricular EF. This similarity no doubt results from the close linear correlation between % A S and EF which has been observed in angiographic volume studies. '16 17 Since ventricular volumes were derived from minor-axis dimensions alone in this study, EF, like %AS, was slightly underestimated. Several groups have reported the mean Circulation, Volume XLVI, July 1972 value of EF for normal subjects to be 67%, 13, 14, 18 while the mean value for normal subjects in this study was 59%. No subject in the normal group had a value below 51%, although several patients in group III had values below this figure. There is a tendency for a small underestimation of SV, particularly in larger volume chambers by the methods employed here,9 and this may be in part responsible for the lower values for EF noted in some subjects in group III. Some of the subjects may have had borderline ventricular function. It is noteworthy that the calculation of EF afforded no advantage in separation of individual patients or patient groups than that obtained by the use of % A S alone. Its main advantage results from the more general familiarity with the use of this fraction.
The accuracy with which the echo technic can compute left ventricular stroke volume has been discussed in previous reports. 7 10 In this study, each patient group differed significantly from normal with respect to stroke volume. Subjects with mitral stenosis had a reduced value, and all other groups had an increase. In group V this was the result of inclusion of subjects with decompensated volume overload, in whom the stroke volume is increased but still inadequate for the demands on the circulation. Determination of SV by the echo technic allows description of the pump performance of the heart by the calculation of EF or by position on the classical ventricular function curve in which SV is related to EDV (fig. 4) 19 The peak velocity of circumferential fiber shortening can be determined from high-speed angiocardiograms and has been shown to be a useful parameter of myocardial contractility.5 Mean VCF, as computed in this study, would be expected to be a less sensitive measure of contractility than peak VWF.
However, earlier studies in which mean VCF was computed by thermodilution technic showed that this parameter allowed good separation of normal from abnormal ventricular function,25 and in the study of Gault et al.4 mean VCF of the internal circumf( ence provided excellent discrimination between failing and nonfailing ventricles. Subsequent study in additional patients by this group has confirmed this finding. 26 In this study we have described a method whereby mean VCF can be determined by a noninvasive technic. The method must be further validated by comparing echo-determined VCF with VCF measured by angiography or thermodilution. To compute mean VCF by the echo technic, we have assumed that the left ventricular diameter measured is equal to the true minor-axis diameter of the ventricle and further that the minor axis is equal in all planes. Our previous study in which echo dimensions were compared to angiographic dimensions established that the echo dimension is a good approximation of the angiographic dimension. The present investigation is an extension of previous work in which we validated the use of echo-measured dimensions as approximations of left ventricular minor-axis dimensions and correlates of left ventricular volumes.9 In this study we have shown how it is possible to estimate the velocity as well as the extent of fiber shortening with this method. The information about left ventricular function provided by the echo technic in this study has heretofore been obtained only by invasive methods. Most of the subjects included in this study were outpatients in whom the echo study could be accomplished painlessly, at low cost, repeatedly, and without danger to the patient. The sensitivity of this method in assessing left ventricular function is as yet undetermined. Further studies in which data obtained by the echo technic are compared with parameters of ventricular function obtained by invasive methodology are needed to answer this important question.
